Background: The role of vitamin D in the development, progression, and prognosis of breast cancer, though widely studied worldwide, has been inconclusive. This study intended to assess the role of some factors (including serum vitamin D level, sun-exposed area, dietary factors, and physical activity) as predictors of the development of invasive breast cancer (IBC) among Sudanese women. Methods: A case-control study was conducted on 200 Sudanese women (100 with newly diagnosed IBC and 100 matched healthy females). Serum 25-hydroxyvitamin D was measured through a competitive electrochemiluminescence immunoassay. Matching analysis was adopted by R version 3.4.1 making use of the "MatchIt" package for calculating propensity scores to build a confounder-adjusted, multiple generalized, linear logistic regression model. Results: Participants' age ranged from 28 to 85 years with a mean [±standard deviation (SD)] of 48.10 (±12.11) years. The mean (±SD) serum vitamin D level was 12.97 (±8.60) and 13.79 (±6.79) ng/mL in breast cancer and noncancer Sudanese women, respectively [P = 0.013; odds ratio (OR) 0.862; 95% confidence interval (CI) 0.766-0.969; β = 0.149)]. Sun-exposed area (P = 0.038; OR 0.013; 95% CI 0.000-0.782; β = 4.339) is significantly and negatively associated with breast cancer development. While moderate physical activity (P = 0.0008; OR 2625.430; 95% CI 26.647-258673.001; β = 7.873) is significantly and positively associated with IBC risk. Occasional consumption of milk, dairy products, eggs, and fish reduces the risk of developing IBC by 78.1%, 75.0%, 78.4%, and 76.4%, respectively. Conclusion: The higher the plasma vitamin D level by one unit, the lower the risk of breast cancer by 13.84%. Sedentary lifestyle, reduced sun-exposed skin area, and low serum vitamin D levels can be considered as predictors of IBC. Encouraging moderate physical activity and consumption of certain foods may, in part, decrease the precipitating risks of breast cancer. More studies and research are needed to confirm these findings.
Background
Breast cancer is a leading cancer worldwide, accounting for 23% of all new cancer cases in women. [1] Its reported incidence rate was 13% in Northern America, 15% in Northern Europe, and 17% in Northern Africa. [1] In Sudan, breast cancer has an incidence rate of 25.1 per 100,000 making it the most prevalent cancer among women. [2] Unfortunately, in Sudan and other African countries, presentation is always late, especially in young women, [2] a matter which necessitates the search for factors other than the known clinical predictors which may guide the clinician for early detection and diagnosis of breast cancer, among which are enviromental and dietary factors.
Vitamin D (representing D2, D3, or both) is a secosterol created endogenously through exposure to ultraviolet light in the sun-unprotected skin or acquired from dietary vitamin D intake. Vitamin D proved to have numerous metabolic and natural capacities. [3] Several studies showed that sufficient 25-hydroxyvitamin D [25(OH)D] levels are essential for protection against several malignancies, including prostate, breast, ovarian, and colon cancer. [4] [5] [6] [7] [8] [9] [10] [11] Conversion of 25(OH)D to 1,25 di-hydroxy vitamin D (1,25(OH) 2 D) in healthy human cells in colon, breast, and prostate has been suggested to play a protective role against carcinogenesis through different mechanisms that include cellular maturation and apoptosis, and inhibiting angiogenesis through enhancing functions of some genes such as P21 and P27 to control cellular proliferation. [5] [6] [7] [8] [12] [13] [14] [15] [16] Since vitamin D regulates a range of physiologic procedures comprising modulation of the immune response, opposition to oxidative stress, and modulation of other hormones, it is not unexpected that low serum levels of 25(OH)D have been related to enhanced risks of numerous cancers and cancer mortalities including breast cancer. [12] A reverse correlation between serum 25(OH)D and the chance to develop breast cancer has been suggested by some observational and experimental [12] [13] [14] studies, even though the results from some ongoing cohorts of cancer mortality and some case-control studies have been inconsistent. [15] [16] [17] A few studies have been published on 25(OH)D level in blood donors [18] or children, [19] but to the best of our knowledge, there are no published studies regarding 25(OH)D levels and its relation to breast cancer in African countries [18, 20] or Sudan. Several cancer prediction models were established worldwide, whereas there was only one in Sudan by Salih et al. who developed a simplified tool to predict a woman's lifetime risks of developing breast cancer using a cross-sectional study. [17] They found that age, menarche, family history, and some types of food constituents (vegetables and fruits) act as predictors of breast cancer. [17] However, they did not include vitamin D, sun exposure, or other dietary elements.
This study aimed to address the association between 25(OH)D serum level, sun-exposed area, dietary factors, and physical activity with invasive breast cancer (IBC) risk in Sudanese women.
Methods
The study patients of this observational case-control study included 100 patients who attended the referred clinics at Khartoum Oncology Hospital and confirmed histologically to have IBC within 30 days of the histopathology reporting date. Another 100 cancer-free women were recruited from Family Health Centers (FHCs) in Khartoum State. The state of Khartoum is divided into seven localities with 41 referral FHCs at the time of the study. [19] The population resident in Khartoum state represents all states of Sudan but with variable proportions. Samples were taken in summer and autumn (April to October).
Pregnant and lactating women at the time of enrolment, use of any medication at the time of the study, use of vitamin D supplements, chronic illness or other malignancy, smoking, tobacco, or alcohol consumption, and patients who were diagnosed histopathologically >30 days were excluded. Patients whose blood samples underwent hemolysis were ultimately excluded as well from both cases and controls.
A purposively designed questionnaire was filled by well-trained investigators. Following the signing up of the informed consent, patients were kindly asked to donate 3 mL of venous blood. Red-cap (EDTA) vacutainers were used. Serum was separated immediately using a centrifuge and stored at −80°C till use.
Variables included information about sociodemographic data, known breast cancer risk factors, and vitamin D confounding factors (smoking, alcohol consumption, chronic illness such as renal failure, liver disease, diabetes mellitus, or other endocrine diseases). The use of treatment and having another malignancy were also questioned during the interview. Moreover, the questionnaire involved questions about important food and dietary factors (daily intake of milk, dairy products, fish, egg, and meat). Participants were questioned about their sun exposure hours, body area that is exposed, and use of sun protection (sunscreen) creams. The weight and height of patients were measured at the referred clinic or the Health Center, and the body mass index (BMI) was calculated.
Serum 25(OH)D was measured using the automated analyzer Elecsys 2010 (Roche Diagnostics, Germany) which in principle is a competitive electrochemiluminescence immunoassay (ECLIA). Safety and quality control measures were applied. Vitamin D measurements were categorized according to the Endocrine Society's Clinical Guidelines: [18] deficiency <20 ng/mL, insufficiency 20-29 ng/mL, sufficiency 30-100 ng/Ml, and toxicity >100 ng/mL.
Data were computerized and matched using propensity score matching method to match cases and controls. This is because of the substantial differences that exist in terms of the baseline characteristics between the cases and the control group across the background sociodemographic and clinical variables. We adopted the R version 3.4.1 making use of the "MatchIt" package for calculating propensity scores and performing the matching analysis. The model we built was a multiple generalized linear logistic regression model for the matched data.
Given the outcome variable is categorical, conditional logistic regression was used to calculate the matched odds ratio (OR) and 95% confidence intervals (CIs) for a univariable analysis, and then the independent variables with P value <0.05 were chosen for the multiple logistic regression models because using the traditional level (such as 0.05) often fails to identify variables known to be important. Of 130 patients and 251 cancer-free women, logistic regression was done for 200 (100 patients and 100 controls) for all variables under study following matching for the season with further exclusion of all confounding factors. The estimated slope coefficient (β) for univariate logistic regression model containing each variable was calculated. The regression coefficient (β) slope for each model term is the natural logarithm of the OR for that term, hence the estimated OR is the number e raised to the power of regression coefficient. When β >0, the odds and probability increase as the predictor (x) increases, and if β <0, the odds and probability decrease as x increases. If the entire 95% CI is above 1, this concludes positive association, and if the entire 95% CI is below 1, this concludes negative association. Chi-squared value for the full logistic regression model was 8.548 (P = 0.382), indicative of overall good-fit for the model to the data.
Results
In this case-control study, of 381 interviewed women, a total of 100 Sudanese patients with breast cancer and 100 matched apparently healthy Sudanese women from different localities in Khartoum State (1:1) were included.
The participants' age ranged from 28 to 85 years with a mean age [±standard deviation (SD)] of 48.10 (±12.11) years. About 65% of patients with breast cancer were 50 years or younger, and most of them were illiterate or had primary education level. Other sociodemographic characteristics and vitamin D levels of the study participants are shown in Table 1. The mean vitamin D level in the control group was 13.79 ng/mL (SD = 6.79 ng/mL), which was higher than the mean vitamin D level in the cancer group [12. 968 ng/mL, (SD = 8.60 ng/mL)]. The association between vitamin D and the risk of cancer was statistically significant in the logistic regression model [ Figure 1 ], while it was not significant before the propensity score matching. The β estimated slope of coefficient was − 0.148873 [standard error (SE) =0.059923], P = 0.0129766. This translates into an adjusted OR of 0.86168 (95% CI = 0.76619-0.96906). That means the higher the vitamin D level by one unit, the lower the risk of breast cancer by 13.84%.
The logistic regression estimates [Table 2] demonstrate that vitamin D level, marital status (single), and sun-exposed area -skin hands and limbs [ Figure 2 ] -are significantly and negatively associated with breast cancer development. While origin, age at menarche, first-degree family history of breast cancer, and moderate physical activity are significantly and positively associated with IBC risk [ Figure 3 ].
The estimate for the effect of being single was −5.248 (SE = 1.788), P = 0.003. This translates into an OR of 0.005 (95% CI = 0.000-0.175). That means being single reduces the risk of breast cancer by 99.5%.
The estimate for the effect of age at menarche was 0.517 (SE = 0.216), P = 0.017. This translates into an OR of 1.677 (95% CI = 1.098-2.561). That means an increase in age at menarche by 1 year increases the risk of breast cancer by 67.7%.
The estimate for the effect of first-degree family history was 3.322 (SE = 0.942), P = 0.0004. This translates into an OR of 27.716 (95% CI = 4.374-175.620). That means that with a first-degree relative with breast cancer, the risk breast cancer increases by 26.72%.
The estimate for the effect of exposing hands and limbs (compared with completely covered women) was −4.339 (SE = 2.088), P = 0.038. This translates into an OR of 0.013 (95% CI = 0.000-0.782). That means that exposing hands and limbs reduces the risk of breast cancer (in comparison to completely covered women) by 98.7%.
In terms of distribution of physical activity among controls and cases, women who reported moderate activities were far more prevalent in the control group (n = 233, 99.6%) than in the cancer group (n = 64, 64%), respectively. Women reporting sedentary and vigorous activities were less in the control group (n = 0, 0% and n = 1, 0.4%)) than in the cancer group (n = 6, 6% and n = 28, 28%). This difference was statistically significant (Chi-squared = 85.682, DF = 2, P-value < 0.001, using Yates correction) as demonstrated in Figure 3 .
The estimate for the effect of never drinking milk (compared with drinking 1 L a day) was −1.313 (SE = 0.453), P = 0.004. This translates into an OR of 0.269 (95% CI = 0.111-0.654). That means that never drinking milk decreases the risk of breast cancer (in comparison to drinking 1 L a day) by 73.1%. Also, the estimate for the effect of drinking milk sometimes (compared with drinking 1 L a day) was −1.517 (SE = 0.381), P < 0.001. This translates into an OR of 0.219 (95% CI = 0.104-0.462). That means that drinking milk sometimes reduces the risk of breast cancer (in comparison to drinking 1 L a day) by 78.1%.
The estimate for the effect of rarely consuming dairy products (compared with never using) was 2.140 (SE = 0.852), P = 0.012.
This translates into an OR of 8.500 (95% CI = 1.601-45.127). That means that rarely using dairy products increases the risk of breast cancer (in comparison to never using them) by 75.0%. Therefore, it is possible to suggest that the use of milk and dairy products in reasonable amount may not influence the risk of breast cancer. The estimate for the effect of consuming eggs sometimes (compared with never) was −1.530 (SE = 0.479), P = 0.001. This translates into an OR of 0.216 (95% CI = 0.085-0.553). That means that sometimes using eggs reduces the risk of breast cancer (in comparison to never using them) by 78.4%.
The estimate for the effect of consuming fish sometimes (compared with never) was −1.443 (SE = 0.568), P = 0.011. This translates into an OR of 0.236 (95% CI = 0.078-0.719). That means that sometimes using eggs reduces the risk of breast cancer (in comparison to never using them) by 76.4%.
All other variables including employment, pregnancy or lactation, age at first pregnancy, parity, use of oral contraceptive pills, age at menopause, chronic illness, socioeconomic status, and BMI were not significantly associated with developing IBC among the studied group.
Discussion
In this case-control study, the serum level of [25(OH)D] was measured for 100 newly diagnosed breast cancer and another 100 noncancer Sudanese females. Following a propensity score matching using a logistic regression model and the control of confounding factors of both vitamin D and breast cancer, the mean level of 25(OH)D shows a statistically significant difference. In other words, the higher the vitamin D level, the less likely would be the risk of having IBC. A similar association between low vitamin D and breast cancer was also observed in case-control studies of Jordanian, [20] Indian, [21] and Pakistani women [22] breast and nonbreast cancer. Interestingly, in Iranian women, low vitamin D was associated with risk of breast cancer only in postmenopausal women. [23] In contrast, in women from Australia, vitamin D was not associated with breast cancer risk. [24] Nevertheless, in their review article by Shekarriz-Foumani and Khodaie published in 2016, they concluded that vitamin D could be associated with breast cancer. [25] The discrepancy in these results can be attributed to the difference in methods of analysis, dietary, ethnic, or other factors that necessitate further studies.
Our study showed that 81% of both patients with breast cancer and control group have vitamin D deficiency. Importantly, long-standing geographic residency (or origin) in different states of Sudan other than Khartoum was significantly correlated with IBC [P < 0.0001, OR 995.256 (95% CI 37.046-26737.972]. However, this is most probably spurious significance since most patients come from the states for the treatment available in Khartoum. Investigations of vitamin D-related genetic variations and breast cancer, though conflicting, [26] might reveal deleterious polymorphisms in a country with such ethnic variation.
Further more, vitamin D status has been linked to obesity and metabolic syndrome. Since fat cells express vitamin D receptor (VDR) and obesity is a known risk factor for cancer, vitamin D actions in adipocytes may contribute to its cancer-defensive properties. [27] Matthews et al. studied the role of VDR in adipose tissue, chiefly in the setting of the mammary gland on adipose-specific Vdr deletion (termed CVF mice). They found that adipose deletion of Vdr significantly enhanced density and branching of mammary epithelial cells, thus supporting the assumption that VDR in mature fat cells modifies the metabolic response to high-fat diets and exerts antiproliferative actions on the epithelial cells of the mammary gland. [27] Nevertheless, in this study, the multiple logistic regression models revealed no statistically significant correlation between BMI, IBC, and vitamin D level.
It was theorized that regular sunlight exposure benefits well-being [28] and may reduce the risk of developing breast cancer. Interestingly, in this study, sun exposure hours did not show significant association with breast cancer, but the exposed area did. A woman who does not use whole-body sun protective clothing (Nigab or Hijab) is 0.013 (95% CI 0.000-0.782) less likely to be affected with IBC with estimated slope coefficient (β) of − 4.339 (P = 0.038).
The epidemiologic evidence for associations between dietary factors and breast cancer is weak and etiologic mechanisms are often unclear in spite of comprehensive research. [29, 30] It has been reported that utilization of meat is associated with heterocyclic amine exposure. [31] In this study, multivariate analysis did not show a significant correlation between dietary meat and IBC. However, milk, dairy products, egg, and fish intake were found to be positively correlated with breast cancer. Similarly, Jamshidinaeini et al. stated that dietary but not total intake of vitamin D was connected to the reduced risk of breast cancer. [23] It is noticed that dairy products greatly reduce the risk of developing IBC. Fortunately, in a country like Sudan where most of the people are below the poverty line, the dairy products which can be made at home play a noble alternative for fish and act as an achievable preventive method. Dietary elements that displayed an inverse association with breast cancer involve mushroom and fruits' consumption; however, they were not questioned in this study. [21] In this study, physical activity was significantly associated with the risk of IBC. Women who practice vigorous physical activity (e.g. brisk daily walking) are 2625.430 (95% CI 26.647-258673.001) less likely to have IBC than those who do not. Similarly, a multivariate analysis (through multivariate logistic regression) of 181 ladies with breast cancer and 197 healthy controls instituted that vitamin D level and the practice of moderate physical activity were considered protective factors for breast cancer. [32] The same study considered menopause and family history of breast cancer as risk factors for breast cancer, agreeing with our findings regarding the positive family history. [32] According to the current study findings, women with a positive first-degree family history of breast cancer have a 27.716 (95% CI 4.374-175.620) higher risk of developing IBC.
The multivariate analysis in this study revealed a statistically significant relationship between age at menarche and IBC. Our result is similar to the studies by Alim and Kiziltan [33] and Salih et al. [17] Nevertheless, we do not agree with other studies in the direct correlation of menopausal status and the development of IBC. [32, 33] This finding may be attributed to the inherent drawback of the case-control study that some events could not reliably be memorized.
On the other hand, obesity is a recognized risk factor for postmenopausal breast cancer. Calcitriol and dietary vitamin D, acting by numerous interrelated pathways, alleviate obesity-enhanced breast cancer development in a postmenopausal setting. [34] Swami et al. exhibited that vitamin D medications diminished insulin resistance, lessened leptin, and expanded adiponectin flagging and furthermore controlled the LKB1/AMPK pathway adding to a general reduction in nearby estrogen production in obese mice. [34] Unlike this study, obesity was recognized to be significantly related to a higher risk of breast cancer in a study done by Deschasaux et al. in which BMI and alcohol intake were proposed as being modifiers for the association between vitamin D serum level or its related gene polymorphisms and breast cancer risk. [35] Limitations of the study
In this study, we adopted the propensity score matching method for matching cases and controls in terms of their demographic background covariates. This method has several advantages. [36] First of all, it relaxes the assumption of a linear relationship between background variables and the probability of breast cancer. Moreover, it excludes controls that have no suitable match in the patient group. However, in the light of time and financial cost, excluding controls or patients from the analysis could be regarded as a substantial drawback of the propensity score matching method. Also, the propensity score matching method has the limitation of assuming minimum unobservable heterogeneity. [37] [38] [39] Also, among the limitations of this study are the small number of breast cancer cases and the lack of concomitant measuring of parathyroid hormone, serum calcium, and phosphate levels. Genetic testing of VDR variants would have empowered the study.
Conclusion
This study concluded that there is a statistically significant association between serum 25(OH)D level and IBC risk in Sudanese patients (P = 0.0129766, adjusted OR of 0.86168, 95% CI = 0.76619-0.96906). The higher the vitamin D level by one unit, the lower the risk of breast cancer by 13.84%.
Logistic regression estimates demonstrate that vitamin D level, marital status, and exposed area are significantly and negatively associated with breast cancer development. While origin, age at menarche, first-degree family history of breast cancer, and physical activity are significantly and positively associated with IBC risk. Moreover, frequent consumption of milk, dairy products, egg, and fish prominently reduces the risk of developing IBC.
Assuming that vitamin D status changes cancer risk, enough vitamin D supply would be an easy, economical, and safe cancer frequency and mortality reduction method. Moreover, anticipating vitamin D insufficiency might be a viable method for decreasing breast cancer occurrence in Sudanese ladies. In addition, since there is a connection between breast malignancy and the way of lifestyle, a reduction in the danger of developing invasive breast disease can be accomplished through changes in lifestyle, encouraging moderate physical activity and consumption of certain food.
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